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From Words to Models: A Bibliometric Approach to Designing 
Agent-Based Models in Entrepreneurship
ABSTRACT
Agent-based modeling and simulation (ABMS) may fit well with entrepreneurship research and 
practice because the core concepts and basic premises of entrepreneurship coincide with the 
characteristics of ABMS. However, it is difficult to find cases where ABMS is applied to 
entrepreneurship research. To apply ABMS to entrepreneurship and organization studies, 
designing a conceptual model is important; thus to effectively design a conceptual model, 
various mixed method approaches are being attempted. As a new mixed method approach to 
ABMS, this study proposes a bibliometric approach to designing agent-based models, which
establishes and analyzes a domain corpus. This study presents an example on the venture 
creation process using the bibliometric approach. This example shows us that the results of the 
multi-agent simulations on the venturing process based on the bibliometric approach are close to 
each nation’s surveyed data on the venturing activities. In conclusion, by the bibliometric 
approach proposed in this study, all the agents and the agents’ behaviors related to a 
phenomenon can be extracted effectively, and a conceptual model for ABMS can be designed 
with the agents and their behaviors. This study contributes to the entrepreneurship and 
organization studies by promoting the application of ABMS.
Keywords:
Agent-based modeling; simulation; ABMS; bibliometric approach; mixed method approach; 
entrepreneurship; venture creation process
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INTRODUCTION
As a tertiary research method supplementing the quantitative and qualitative approaches, 
agent-based modeling and simulation (ABMS) may fit well with the entrepreneurship field 
because the core concepts and basic premises of entrepreneurship coincide with the 
characteristics of ABMS (McKelvey, 2004; Yang & Chandra, 2013). 
Entrepreneurship is a research field that studies the process of emergence of business 
ventures with the heterogeneity of the agents and the uncertainty of the environment as a premise, 
and studies the source and characteristics of venture ideas and the entrepreneurial behavior
which aims at discovering and capturing the ideas (Davidsson, 2005, 2008). ABMS is a major 
research methodology of complexity science, and identifies heterogeneous agents, and 
investigates the temporal or dynamic effects of their behavioral rules and properties. By 
repeatedly carrying out such an agent-based model on a computer, it reproduces each agent’s 
behaviors, their interactive processes, and the emergence of macroscopic phenomenon according 
to the flow of time. Such core concepts as ‘heterogeneity’, ‘behavior’, ‘process’, and ‘emergence’
are shared by entrepreneurship and ABMS. Moreover ABMS is suitable for building multi-level 
models that reflect not only the individual characteristics of each agent, but the local 
characteristics shared by some agents or the global characteristics shared by all agents 
(Kozlowski, 2013), and such feature of ABMS matches the feature of entrepreneurship which 
analyze the causes and results of entrepreneurial behavior at multiple levels including individual, 
region, and nation.
Despite the fact that ABMS is a methodology that fits the features of entrepreneurship, it is 
difficult to find cases where ABMS have been applied to entrepreneurship research. Up to now, 
there have been no ABMS-applied studies published in the major journals in the 
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entrepreneurship field including Journal of Business Venturing (JBV) and Entrepreneurship 
Theory and Practice (ETP). To apply ABMS into entrepreneurship research, both stages of 
designing and programming are necessary, but the stage of designing a conceptual model is even 
more important. The conceptual model should have features that can be implemented as ABMS, 
and be consistent with the previous studies in the entrepreneurship field. To effectively design 
conceptual models for ABMS, the mixed method approach that engrafts other methods like case 
studies, experiments, and role playing games is being attempted (Garcia et al., 2007; Jansen & 
Ostrom, 2006). Through the mixed method approaches, the researcher can understand who the 
major agents are and how they behave in each situation.
As one of mixed method approaches to ABMS, this study proposes a bibliometric approach 
to designing agent-based models, and presents an example in which this approach is applied to 
the venture creation process. The bibliometric approach can effectively extract all the agents 
related to a phenomenon concerned, and their behaviors and properties by establishing and 
analyzing a domain corpus. The domain corpus is a collection of texts related to the phenomenon
concerned, and the researchers conduct bibliometric analyses on this corpus. Although this study 
establishes a domain corpus by collecting the related texts from journal articles, the domain 
corpus can be established from various sources like entrepreneurs’ words or firms’ archival data. 
This approach can be used to validate as well as to design a comprehensive agent-based model. 
In other words, the approach has the advantage of being able to effectively find all known 
behaviors and properties of all agents contributing to the emergence of a macroscopic 
phenomenon.
This study has several purposes: 1) to suggest a new bibliometric approach to designing an 
agent-based model as a mixed method approach; and 2) to propose an example of the new 
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bibliometric approach applied in the entrepreneurship field. The present study contributes to the 
entrepreneurship and organization fields by promoting the application of ABMS. The new 
bibliometric approach allows the practitioners as well as the researchers to effectively use ABMS.
This study is composed of as follows. Firstly, we explore the concepts of bibliometric 
analysis as a basis of the new approach to designing agent-based models, and then we review the 
existing approaches and the related concepts regarding ABMS. Secondly, we propose a new 
bibliometric approach to designing agent-based models. This approach systematically analyzes 
documents related to the phenomenon concerned, and thereby extracts major agents, and the 
agents’ behavior and properties related to the phenomenon. In the subsequent section, we show
an example where the new bibliometric approach being applied in entrepreneurship field. This 
example shows the venture creation process from a multi-agent perspective. Finally, we discuss
the utilization of the new approach to agent-based modeling with the other mixed method
approaches, and indicate the considerations of the bibliometric approach.
BACKGROUND
Agent-based models can express heterogeneous activities and properties of a diverse range 
of agents, including entrepreneurs (McKelvey, 2004). Agent-based modeling can also account 
for each individual agent’s actual behaviors and properties, including its capabilities, experience 
and cognition patterns in order to adapt to their surroundings (Dooley, 2002; North & Macal, 
2007). Researchers have different opinions as to what agents are. While Bonabeau (2001) 
regards all independent entities as agents, North and Macal (2007) regard only those entities 
which can perform active behavior as an agent; furthermore, Casti (1997) regards only those 
entities which not only follow basic behavioral rules but also have high-level behavioral rules 
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that adjust the behavioral rules as being an agent. In this study, all independent entities are 
defined as objects, and out of these objects, those which can perform active behavior are defined 
as agents. 
In order to design valid agent-based models, mixed method approaches are being attempted, 
which utilize case studies, experiments, role playing games and data mining (Arroyo et al., 2010; 
Garcia et al., 2007; Janssen & Ostrom, 2006). Specifically, case study and experiment are 
familiar to researchers in entrepreneurship, thus, by combining case study or experiment, the 
utilization of ABMS in the field of entrepreneurship can be increased. However, while these 
approaches are suitable for elucidating whether or how ‘a specific agent’ is concerned in the 
emergence of a particular phenomenon, these mixed methods approaches have limitations in 
identifying ‘all known agents’ concerned in the emergence of the phenomenon, and establishing 
a comprehensive agent-based model that consists of these agents. In order to build a 
comprehensive agent-based model, bibliometric analysis should be considered. 
Can Bibliometric Analysis Be Used in ABMS?
In bibliometric analysis, attention is paid to the fact that literature is an important means of 
delivery of knowledge, and quantitative analysis is done on the literature in order to deduce 
relationships between the key concepts in the area concerned (Moed et al., 2005). Bibliometric 
analysis is also being used as a researching tool, not only the collaborations amongst researchers 
(Newman, 2004) and interdisciplinary transfer of knowledge (Leydesdorff, 2007), but also for 
discovering potential knowledge in a specific area (Chen, 2003). 
As an analyzing method in bibliometrics, co-word analysis measures the frequency that
keywords simultaneously appear in the literature related to a specific topic (Callon et al., 1991; 
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Ding et al., 2001). Co-word analysis summarizes and organizes the document, while keeping the 
essential information included in the document. The premise of this method is that words have 
important attributes as a carrier of knowledge, conveying such things as scientific concepts, ideas, 
and knowledge (van Raan & Tijssen, 1993). The assumption of co-word analysis is that 
keywords in a document suitably describe its contents, and they serve as the link to other 
documents that deal with the content concerned. When two keywords simultaneously appear in 
the same document, it shows a relation between the concepts (Cambrosio et al., 1993). 
Therefore, the co-word analysis can be utilized to extract the behaviors and properties of all 
known agents that are related to a focal phenomenon. Moreover, through the bibliometric 
analyses, a comprehensive agent-based model which has improved microscopic validity on the 
phenomenon can be established. 
The Existing Approach to Designing Agent-Based Model
To design an agent-based model, various agents that are involved in the process related to 
the phenomenon concerned must be identified, and the agents’ behaviors and properties must be 
understood. In entrepreneurship field, the most fundamental agent is the ‘entrepreneur’ when 
designing an agent-based model, but there are cases when other agents involved in the 
entrepreneurial process have to be considered depending on the aim of the model, such as the
‘investor’ or the ‘customer’ (Dimov, 2013; Shim, 2012). 
North and Macal (2007) suggest structured interview as a way to identify agents that make 
up the agent-based model and investigate behavioral rules of each agent. In structured interviews, 
a meeting is organized where 1-2 knowledge engineers and 5-6 experts on the concerned area 
participate, and the knowledge engineers ask a series of questions prepared in advance on the 
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phenomenon being studied by the experts, who document their answers to each of the questions, 
which are then analyzed. While structured interviews are advantageous, as they can be applied to 
any area and a basic model for which validity has been attained can be built through 
collaborations between knowledge engineers and experts in the area, there are also drawbacks: 
already amassed knowledge on the concerned areas cannot be utilized, and different outcomes 
may result, depending on the capabilities of the knowledge engineers and experts taking part.  
Also, large amounts of time and costs are required for this investigation.  
Verification and Validation of Agent-Based Model
The verification and validation of a designed agent-based model is important. The 
verification of a model means writing a simulation program which accurately reflects the 
conceptual model without any bugs.  The methods to write and debug a program, as suggested 
from the field of computer engineering, can be utilized at this stage (North and Macal, 2007). 
On the other hand, the validation of a model means building a conceptual model that 
corresponds to the phenomenon. It can be classified into macroscopic validation (macro-
validation) and microscopic validation (micro-validation). The macro-validation explores 
whether or not the simulated results correspond to the reality as a whole. The most commonly 
used way for the macro-validation is to compare the simulated results by an agent-based model 
with stylized facts of reality (Gilbert & Terna, 2000; Jansen & Ostrom, 2006; Takadama et al., 
2008). For example, looking at the distribution of entrepreneurs’ growth aspirations, the 
following stylized facts are found: while most of them have low levels of aspiration, a few have 
extremely high levels of aspiration. If, in an agent-based simulation, the aggregated result from 
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the behaviors of each agent is consistent with the stylized facts – either quantitatively or 
qualitatively – then it can be deemed that the model has attained macro-validity. 
Even if the macroscopic results of an agent-based model have been validated, it does not 
mean all the behavioral rules of each agent in the model are consistent with the reality. There 
may be diverse microscopic scenarios that reproduce the same macroscopic results, thus it should 
not be regarded that all the microscopic behaviors in the macro-validated model are also valid.
Methodological Fit of ABMS
Regarding ‘methodological fit,’ Edmondson & McManus (2007) argue that the way in 
which data is collected must differ according to the level of maturity of the theory that is to be 
applied to the study. 
------------------------------------
Insert Figure 1 about here
------------------------------------
As shown in Figure 1, when the level of maturity is high, most studies use quantitative data 
(top right of the figure), and when the theory is in its nascent stage of development, most studies 
use qualitative data (bottom left of the figure). However, the authors argue that even if a mature 
theory already exists in the area concerned, the research question can be newly interpreted 
through qualitative approaches such as field research, contributing to further elaboration of the 
theory (“B” in the figure), while a quantitative approach is used for a phenomenon where there is 
no established theory, there may be difficulties in validating the research results (“A” in the 
figure). 
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ABMS is a quantitative research method that can be used for those areas in which there is 
no established theory, as well as for those areas in where such a theory exists.  This is shown by 
Heath et al. (2009), for an area where the theory has been established, the agent-based model is 
used as a ‘predictor’ for predicting the future (the upper right part of the figure). However, for an 
area where there is a lack of understanding about the phenomenon, and where there is no 
established theory, the agent-based model is used as a ‘generator’, which establishes the 
hypotheses for explaining the phenomenon (“A” in the figure). 
Through the validation of an agent-based model, research findings can be justified not only 
when the agent-based model is used as a predictor, but also when the model is used as a 
generator. For the entrepreneurship research, there is presently a lack of established body of 
theories for explaining phenomena, thus ABMS can be able to be used firstly as a generator to 
establish hypotheses based on quantitative data.    
A NEW BIBLIOMETRIC APPROACH TO ABMS
This section suggests a new bibliometric approach to designing agent-based models, which 
will be demonstrated in the next section. This new approach uses the bibliometric analyses on the 
texts related to the phenomenon concerned and consists of four parts: 1) to build a domain corpus 
related to the phenomenon concerned, 2) to identify main concepts of the phenomenon, 3) to
distinguish agents from the concepts using content analysis, 4) to find each agent’s known 
behaviors and properties using co-word analysis, and to design a conceptual model composed of 
each agents’ behavioral rules.
Step 1: Building Domain Corpus
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A domain corpus is the collection of texts related to the phenomenon concerned. In order to 
build a domain corpus, the researcher should define reasonably what the related texts are, and 
collect the texts. Any multi-word nouns found in a dictionary or multi-word patterns frequently 
observed in the corpus are expressed as one-word terms (e.g. ‘venture_capital’). Any stop-words 
such as articles (e.g. ‘a’, ‘the’), prepositions and exclamations are detected and excluded from a 
list of candidate terms. To transform any plural form of nouns or verb changes into a basic form, 
i.e. stemming or lemmatization process is performed.  The collected text is divided into 
elementary units that are sentences constrained in length. An elementary unit functions as a 
criterion of co-word analysis. Various text analysis tools can be used to build a domain corpus.
Step 2: Identifying Main Concepts
We assume that the agents, objects other than agents, and their behaviors and properties are 
included as main concepts in the domain corpus. In order to identify the main concepts and 
distinguish agents from the concepts, candidate terms are selected according to the frequencies, 
and the main concepts in the corpus can be obtained by content analysis. As potential candidates 
for main concepts, nouns or noun phrases are selected. However, all the nouns or noun phrases 
not necessarily become main concepts, thus it is determined whether each potential candidate 
term is the main concept or merely a general term by experts in the field. The selection process 
by experts corresponds to a coding process of quantitative content analysis that assigns a subject 
into a specific category. The reliability of quantitative content analysis is evaluated by the fitness 
among coders. 
Step 3: Distinguishing Agents
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From the main concepts, the agents and the other objects related to a phenomenon 
concerned can be distinguished using the content analysis. In general, a concept corresponds to
an agent when it can do active behaviors (e.g. “entrepreneur”), and a concept corresponds to an
object when it can be a target of the agent’s behavior (e.g. “opportunity”). These agents and 
objects sometimes show the hierarchical relationship (e.g. “capital” – “venture capital”). To 
identify main concepts and to distinguish agents from the main concepts, content analysis is 
applied. The content analysis is a research technique for making replicable and valid inferences 
from texts to the contexts of their use (Krippendorff, 2004).
Step 4: Finding Behaviors and Properties
A concept describing behaviors or properties of a specific agent can be found in the
sentences where the agent occurs. Therefore, the behaviors and properties of a specific agent can 
be effectively extracted through co-word analysis. Furthermore, through the co-word analysis, 
agents to form a hierarchy with the agent or the related objects of the agent’s behavior can be 
effectively found. Co-word analysis is a bibliometric method used to find concepts that are 
strongly related to a particular concept by examining word pairs frequently occurring in the same 
sentence. 
However, when a word is used frequently in a document, the pairs of the word and each of 
the other words may frequently occur. Thus, it is not sufficient to compare the frequencies of co-
occurrences. In order to overcome this problem, various methods to standardize the frequency of 
the co-occurrence are proposed in bibliometrics. Cosine coefficient is used as a representative 
method to standardize the frequency. It is calculated as follows:
cos _coeff (w1, w2) =  
  _    ( 1      2)
     ( 1) ×     ( 2)
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In this expression, w1 or w2 represent a word that occurred in a document, occ(w) means 
the occurrence frequency of the word, and co_occ(w1 and w2) means the co-occurrence 
frequency of the two words. If two specific words always occurred in the same sentences, the 
cosine coefficient of these two words becomes 1. If they are never used together, it becomes 0.
In the proposed approach, the concepts of which cosine coefficient values with the agent are 
more than a criterion are listed, and their relationships to the agent are classified through content 
analysis into the agent’s behaviors, properties (e.g. belongings, goals); or the objects of the 
agent’s behaviors, the other agents to form a hierarchy with the agent. By this approach, 
researchers can design a valid conceptual model composed of all the agents concerned and their 
behaviors and properties.
EXAMPLE: BIBLIOMETRIC ABMS OF VENTURING PROCESS
In this section, we illustrate an example of the proposed bibliometric approach to designing 
agent-based models. This example shows a designing procedure for an agent-based model on the 
venture creation process and the results from the simulations.
Designing Agent-Based Model on Venture Creation Process
Firstly, in order to establish a domain corpus, the titles and abstracts of ‘venture-related 
articles’ were collected, the venture-related articles were the articles that had been published in 
major journals such as Journal of Business Venturing (JBV) and Entrepreneurship Theory and 
Practice (ETP) from 2001 to 2010. We defined ‘venture-related articles’ as the articles having 
‘venture(s)’ or ‘venturing’ in their titles or abstracts. Table 1 shows the number of ‘venture-
related articles published annually in the major journals.
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------------------------------------
Insert Table 1 about here
------------------------------------
The venture corpus was prepared in the procedures as described in the previous section 
utilizing a text analysis program T-Lab 9.0.1. Table 2 shows the composition of the corpus 
created in the example.
------------------------------------
Insert Table 2 about here
------------------------------------
Secondly, to identify main concepts in the corpus, 209 basic words that appeared more than 
20 times were selected. Among the 209 basic words, 136 candidate terms (single nouns or noun 
phrases) were distinguished. Among the 136 candidate terms, 64 main concepts occurred in 
venture studies were selected by the content analysis of two experts in entrepreneurship field. 
The Cohen's kappa (κ) in the analysis by experts was .838, which showed that the level of fitness 
is satisfied. Table 3 shows the main concepts in venture studies.
------------------------------------
Insert Table 3 about here
------------------------------------
Thirdly, among the main concepts in venture studies, five agents of the venturing process 
were distinguished such as ‘entrepreneur’, ‘founder’, ‘investor’, ‘venture capitalists’, and 
‘angel’. The former two are the agents who start and grow their venture businesses, and the latter 
Submission #12378
14
three are the agents who invest the businesses. The concepts ‘manager’, ‘team’, or ‘firm’ were 
found among the main concepts of venture studies, and could also be agents. However, they were 
not regarded as agents in this study because these concepts were determined to be related to the 
established firms in the venture corpus.
Finally, to find the concepts indicating agents’ behaviors, properties, or objects related to 
the agent, the frequently co-occurred words (i.e. Cos_coeff  > .1) were listed by co-word analysis, 
and content analysis was performed to distinguish the agent’s behaviors, properties, and related 
objects from the words list. Table 4 and Table 5 show the classified results for each concept 
whether it is the corresponding agent’s behavior, or properties, or a related object. In particular, 
for the properties of agents, a further classification was made into the ‘belongings’ which the 
agent currently owns, and the ‘goals’ which the agent has set as its goal.  The reason for this 
further classification was that, although they can both be seen as properties that affect the 
behaviors of the corresponding agent, the mechanisms by which that take place differ, and 
understanding the agents’ goal is necessary for the implementation of ABMS.
------------------------------------
Insert Table 4 about here
------------------------------------
------------------------------------
Insert Table 5 about here
------------------------------------
As it can be seen in Table 4 and 5, there were five types of agents that participated in the 
venturing process. These results show that the venturing process is not a process from the actions 
of a single agent (i.e. entrepreneur), but a process from the interactions of many different types 
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of agents. The five types of agents discovered in this example can be broadly classified into two 
groups: the ‘entrepreneur’ and ‘founder’ group, each of which is the agent that starts the venture 
business and grows it; and the ‘investor’, ‘venture capitalist’, and ‘angel’ group, which invests in 
the venture business.
The ‘entrepreneur’, which most frequently appeared among all the agents in the venture 
corpus, can be seen as the agent which ‘starts up’ the venture business through various ‘decisions’ 
involved in the entrepreneurial ‘process’ which includes the recognition of ‘opportunity’ and 
acquisition of ‘resources’, for the purposes of ‘wealth’, ‘success’, or ‘growth’. As a financial 
source for the entrepreneur, we also found a few cases in the corpus describing the ‘angel’ is an 
important in the venture creation process. Therefore we determined the below behavioral rules of 
entrepreneurs in venture creation process.
Rule 1: A (nascent) entrepreneur tries to recognize or capture business opportunities in 
venture creation process.
Rule 2: A (nascent) entrepreneur tries to acquire resources for his/her venture business, 
specifically tries to get financial resources from angel investors.
Rule 3: A (nascent) entrepreneur who captured more than one business opportunity and 
acquired financial resources from angel investors starts up a venture business.
In contrast to this, the ‘founder’ can be seen as the agent with behavior related to ‘growth’ 
and ‘exit’, with an objective of ‘finance’ and ‘IPO’. Through this analysis, it can be seen that the 
‘founder’ is the owner of the already-established venture business, while the ‘entrepreneur’ 
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represents mainly the agent in the venture creation stage. Therefore, we excluded the ‘founder’
agent from our venture creation process model.
------------------------------------
Insert Table 6 about here
------------------------------------
As agents related to investment, ‘investor’, ‘venture capitalist’, and ‘angel’ occur. It can be 
seen that they are in a hierarchical relationship. As shown in Table 6, through content analysis on 
the corpus texts wherein the corresponding concepts appear, the hierarchical relationship of these 
concepts can be inferred. Through this content analysis, the ‘investor’ can be seen as being a 
general concept which includes ‘venture capitalist’ and ‘angel’, and as an agent that invests for 
the purposes of getting a return on investment. Among these agents, only the ‘angel’ was 
involved in the venture creation process; we found it by content analysis on the domain corpus. 
Therefore we determined the below behavioral rules of angel investors in venture creation 
process, and excluded the other investing agents (‘investor’ and ‘venture capitalist’) from our 
venture creation process model.
Rule 4: An angel investor will invest on the nascent entrepreneur who has entrepreneurial 
capability and perceived business opportunity.
With these behavioral rules of nascent entrepreneurs and angel investors, we performed 
2000 runs of agent-based simulations for 20 countries (i.e. Belgium, Denmark, Finland, France, 
Germany, Greece, Hong Kong, Iceland, Israel, Italy, Japan, South Korea, Netherlands, Norway, 
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Slovenia, Spain, Switzerland, UK, United Arab Emirates, and United States). These countries 
participated in Global Entrepreneurship Monitor survey in 2009, and classified as innovative-
driven economics (Bosma & Levie 2010).
Results of Agent-Based Simulation
Table 7 and Figure 2 compare the results of each nation’s rate of improvement-driven 
opportunity entrepreneurial activities by our agent-based simulations and by Global 
Entrepreneurship Monitor surveyed in 2009. The results from our multi-agent simulations 
composed of entrepreneurs and angel investors in the venturing process based on the 
bibliometric approach were close to each nation’s surveyed data.
------------------------------------
Insert Table 7 about here
------------------------------------
------------------------------------
Insert Figure 2 about here
------------------------------------
DISCUSSION AND CONCLUSION
This study aims to prompt the application of ABMS in organization research, specifically 
entrepreneurship field. For this goal, the present study proposes a new bibliometric approach to 
designing agent-based models, and shows an example in which this approach applied to the 
venture creation process. The approach proposed in this study can effectively extract all the
agents related to a phenomenon concerned, and their behaviors and properties by establishing
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and analyzing a domain corpus. The domain corpus is a collection of texts related to the 
phenomenon concerned.
This approach can be used to design a comprehensive agent-based model describing the 
phenomenon concerned. In other words, the traditional approaches such as structured interview
for designing agent-based models or the existing mixed method approaches are appropriate to 
investigate the microscopic behavior of specific agents that researchers are interested in, and to 
clarify whether this particular behavior is involved with the emergence of macroscopic 
phenomena. 
The approach proposed in this study has the advantage of being able to effectively find all 
the known behaviors and properties of the agents that contribute to the emergence of a 
macroscopic phenomenon. However, even if all agents participating in a phenomenon and their 
behaviors and properties are found by the approach proposed in this study, the behavioral rules 
of these agents will not automatically be understood. The decision-making criteria of the found 
behaviors and their generating mechanism can be understood in depth with other approaches. 
Therefore, it can be said that the bibliometric approach proposed in this study complements the 
various existing agent-based modeling methods rather than replaces them. For example, if all 
agents intervening in a phenomenon concerned and their behaviors and properties are found, it is 
possible to understand their behavioral rules using case studies, experiments and role-playing 
games as well as the bibliometric analysis.
As mentioned before, the case study method has already been widely used in 
entrepreneurship and organization fields; thus, the case study can be effectively combined with 
agent-based modeling in these fields. In the case study, the bibliometric approach proposed in 
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this study can be effectively used to analyze the documents from entrepreneurs’ interviews or 
firms’ proceedings or press releases.
In addition, experiments have already been used in entrepreneurship and organization 
studies. In particular, conjoint analysis can be used as a method to understand the agents’ 
behavioral rules. Conjoint analysis enables the researchers to understand in which conditions 
entrepreneurs perceive a business opportunity, when they start their business venture, and how 
much and to whom investors invest. This information can be effectively used when using ABMS. 
In particular, case study and experiment are familiar to researchers in entrepreneurship and 
organization field. Thus, it is promising to combine these methods with the bibliometrics 
approach to design valid agent-based models in these fields.
Although role-playing games have been regarded more as an educational tool than a 
research method, they have begun to be used research method in the field of entrepreneurship
(Hindle, 2002), for the role-playing games can be effectively used in combination with agent-
based modeling. The case study is a more realistic research method, but it has the disadvantage 
of taking large amounts of time and money to conduct. Although experiments enable the 
researchers to understand the clear causal relationship in the controlled environment, but it can 
be pointed out that it is different from the actual decision-making environment. Role-playing 
games have the advantage of reducing time and money while providing participants with realistic 
decision-making environment.  
As described above, ABMS is a research methodology that fits the characteristics of the 
entrepreneurship. Particularly, ABMS can be effectively used in the field of entrepreneurship by 
applying a mixed method approach with case studies, experiments and role-playing games. 
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Moreover, the bibliometrics approach proposed in this study can be effectively used with other 
mixed method approaches when designing an agent-based model. 
However, researchers should regard this approach as one of many various methods to build 
an agent-based model, and to ensure objectivity using this approach by following these points. 1) 
This approach should be applied in the domain that has a sufficient amount of reliable documents
related to a phenomenon concerned. 2) The range of the texts to be collected should be 
reasonably determined when establishing a domain corpus. 3) Two or more competent experts in 
the field should analyze the content to distinguish agents, behaviors, and properties. It is 
recommended to confirm whether they reach an agreement.
An agent-based model is used as a ‘predictor’ of the future based on established theories, or 
it is used as a ‘generator’ to derive hypotheses describing a phenomenon in the field with the 
lack of established theories. However, this is not a mutually exclusive classification. In fact, most 
of agent-based models combine the characteristics as the predictor and generator. In other words, 
even if an agent-based model is built based on established theories, this model does not 
completely predict a phenomenon, and some of them cannot be explained by existing theories. In 
such a case, new hypotheses are required to explain these parts, and the hypothesis can be 
established through the ABMS.
Therefore, the agent-based model to explain certain phenomenon gradually develops from a 
generator to a predictor. In this evolutionary process of an agent-based model can be effectively 
combined with other methods such as case studies, experiments and role-playing games. The 
bibliometrics approach proposed in this study will be able to have some role in the evolutionary
process of agent-based model.
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Table 1: The number of venture-related articles
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 Total
JBV 12 14 13 13 16 17 13 12 16 17 143
ETP 7 8 5 3 11 19 24 11 17 13 118
Total 19 22 18 16 27 36 37 23 33 30 261
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Table 2: Composition of venture-study corpus
Documents Sentences Words count Words types Basic words
261 1206 42089 5295 4162
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Table 3: Main concepts in venture studies
agency 
alliance
angel
capability
capital
characteristic
company
corporate venturing
creation
decision
development
entrepreneur
entrepreneurship
environment
equity
exit
experience
failure
family
finance
firm
formation
founder
fund
governance
growth
human capital
industry
information
innovation
investment
investor
IPO
knowledge
learning
management
manager
market
network
opportunity
organization
outcome
ownership
performance
plan
process
resource
return
risk
social capital
start-up
strategy
structure
success
survival
team
technology
uncertainty
value
venture capital
venture capitalists
venture creation
venture performance
wealth
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Table 4: Results of co-word analysis (Entrepreneur and Founder)
Agent & co-words Occ. Co-
occ.
Cos_
coeff.
Agent’s 
behaviour
Agent’s 
belonging
Agent’s 
goal
Related 
object
Hierarchi-
cal agent
Entrepreneur 219
Decision 85 22
      
0.161 * 
Process 87 22
      
0.159 * 
Start-up 30 9
      
0.111 * 
Experience 74 21
      
0.165 * 
Network 62 16
      
0.137 *
Resource 77 17
      
0.131 *
Social_capital 19 8
      
0.124 *
Ownership 25 9
      
0.122 *
Human_capital 35 10
      
0.114 *
Wealth 22 13
      
0.187 * 
Growth 63 17
      
0.145 * 
Success 53 13
      
0.121 * 
Firm 206 26
      
0.122 *
Entrepreneurship 137 36
      
0.208 *
Opportunity 66 20
      
0.166 *
Market 91 19
      
0.135 *
Environment 48 11
      
0.107 *
Founder 43
Exit 18 4 0.167 *
Growth 63 5 0.111 *
Experience 74 7 0.144 *
Equity 24 3 0.108 *
Ownership 25 3 0.106 *
Finance 52 5 0.123 * *
IPO 23 7 0.258 *
Firm 206 10 0.123 *
Investor 41 4 0.110 *
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Table 5: Results of co-word analysis (Investor, Venture capitalist, and Angel)
Agent & co-words Occ. Co-
occ.
Cos_
coeff.
Agent's 
behaviour
Agent's 
belonging
Agent's 
goal
Related 
object
Hierarchi-
cal agent
Investor 52
Investment 48 8 0.180 *
Equity 24 5 0.159 *
Ownership 25 4 0.125 *
Finance 52 5 0.108 *
Return 27 5 0.150 *
Risk 38 6 0.152 *
Uncertainty 19 4 0.143 *
Founder 32 4 0.110 *
Value 33 4 0.109 *
Team 61 5 0.100 *
Angel 14 5 0.209 *
Venture_capitalist 53
Venture_capital 87 9 0.144 *
Fund 40 5 0.118 *
Experience 74 6 0.104 *
Resource 77 6 0.102 *
Governance 20 3 0.100 *
Team 61 7 0.134 *
Company 52 6 0.124 *
Start-up 30 4 0.109 *
Angel 22
Investment 48 6 0.231 *
Exit 18 3 0.189 *
Capital 34 3 0.138 *
Finance 52 3 0.111 *
Outcome 23 2 0.111 *
Return 27 2 0.103 *
Investor 41 5 0.209 *
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Table 6: Identification of the relationships among agents via content analysis
Agents Usages in corpus Identified hierarchy 
Investor &
Angel
… focus on the experience of the
woman angel investor …
… In this study of 121 angel investors
who had made …
Investor
↑
Angel (investor)
Investor &
Venture capitalist
… venture capitalists and other
potential investors …
… large outside investors such as
venture capitalists …
Investor
↑
Venture capitalists
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Table 7: Rate of improvement-driven opportunity entrepreneurial activities in 2009
Country
(Innovation-Driven Economies)
TEAIDO 2009
(Unit: %)
Results of Simulations
(Average of 100 runs)
United Arab Emirates 10.5                               7.9                                 
Iceland 6.6                                 6.0                                 
Norway 6.3                                 5.5                                 
Switzerland 5.2                                 4.3                                 
United States 4.4                                 3.7                                 
Greece 4.1                                 2.2                                 
Netherlands 4.1                                 1.7                                 
Slovenia 3.7                                 2.6                                 
Finland 3.2                                 2.1                                 
Israel 2.9                                 3.2                                 
France 2.9                                 3.3                                 
Korea 2.6                                 2.7                                 
UK 2.5                                 1.1                                 
Italy 2.1                                 1.7                                 
Spain 2.1                                 2.7                                 
Japan 2.0                                 1.4                                 
Denmark 2.0                                 2.1                                 
Belgium 1.9                                 2.1                                 
Hong Kong 1.8                                 2.2                                 
Germany 1.8                                 1.4                                 
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Figure 1: Methodological fit of data and theory
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Figure 2: Rate of improvement-driven opportunity entrepreneurial activities in 2009
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